There was a significant increase in the ribonuclease activity of both resistant (Bombay) 
pustules/ cotyledon.
The rust spores used for inoculation and enzyme extraction were always freshly collected. In all experiments special precautions in handling material and cleaning glassware (16) were rigidly followed.
Isolation and characterization of RNase from plant tissues have been carrited out by several workers (3, 28, (31) (32) (33) (34) . A general increase in RNase activity has been reported in virus infected plants (23) and in wheat leaves inoculated with wheat rust (25) . A rapid increase in the level of this enzyme has also been shown to occur in a number of plant tissues due to mechanical damage (2, 30) and senescence (1, 12) , both of which lead to a decrease in the RNA content of the affected tissue (13) . Previous work in this laboratory has demonstrated an increase in the rate of RNA synthesis in inoculated flax cotyledons (10) , which contributes to a substantial increase in the RNA content of rust infected host tissue in the later stages of the disease (15). The present study was g (fresh weight) of flax cotyledons were homogenized in 100 ml of ice cold 50 mm potassium phosphate buffer, pH 6.7, containing 10 g of Polyclar AT powder (polyvinylpyrrolidone, Sigma Chemical Co). The cotyledons were homogenized with an OmniMixer (Sorvall Inc.) set at high speed for four 30 -sec periods with cooling between each homogenization (28) . The slurry was passed through four layers of cheesecloth. The filtrate was then centrifuged for 30 min at 10,000 rpm in a refrigerated Sorvall RC2-B centrifuge. A fraction of the supernatant was used directly for the estimation of DNase and acid phosphatase. The rest of the supernatant was acidified to pH 5.0 with 1 N HCl and left at 0 to 4 C overnight. The precipitate formed during this interval was removed by centrifugation at 15,000 rpm for 15 min. The supernatant was used for the estimation of RNase activity. In a typical analysis, the total extractable protein and enzyme units (one unit of RNase is defined as the amount of enzyme causing a AA!!, nm of 1.0 under the standard assay conditions described below) from 10 g (fresh weight) flax cotyledons are: healthy: 136 In the resistant combination the ratio decreases to 1 by the
5th day and there is no further change up to 10 days after inoculation. In the susceptible combination, on the other hand, the ratio increases again starting on the 5th day and it continues to rise up to the 10th day after inoculation. In all cases, the amount of protein in the RNase extract (pH 5 supernatant) remains essentially constant (28.5-30 mg protein/ 10 g cotyledons), indicating that the observed increases in specific activity are due to actual increase in soluble RNase activity rather than to a decrease in extractable protein.
The pattern of increase in the ratio of RNase specific activity in the susceptible host-pathogen complex is bimodal. A similar bimodal curve for the increase in RNase activity has been reported for rust-infected wheat leaves (25) . However, in wheat leaves both susceptible and resistant combinations exhibit an increase in RNase content in the later stages of disease development, whereas in flax cotyledons the second increment is observed only in the susceptible combination.
Effect of Mechanical Injury and Inoculation on RNase and other Hydrolytic Enzymes of Flax Cotyledons. Mechanical injury of plant tissues has been shown to result in demonstrable increases in the activities of hydrolytic enzymes (2, 34) . The following experiments were designed to ascertain whether or not the observed increases in RNase activity of flax cotyledons ( Fig. 1 ) were in fact due to the damage caused by the pathogen growing intercellularly in the host tissue. In these experiments the specific activities of several hydrolases from healthy and infected flax (Bison) cotyledons were compared with those from mechanically injured cotyledons. The results presented in Table I 8.5 , holding it at a given temperature for 10 min, followed by cooling and readjusting the pH to 5.0. The enzymatic activity was then examined. The results presented in Figure 3 show that the enzymes from healthy cotyledons and rust spores are remarkably stable and lose very little activity even at 100 C. Under identical conditions, 50 to 60% of the enzymatic activity in extracts from infected cotyledons is destroyed. The enzyme from healthy cotyledons exhibits a 50% increase in activity when held at 60 C for 10 min. This highly reproducible phenomenon has also been reported to occur in sugarcane ribonuclease (28) . Much less activation (10-15%) occurs in the enzyme from rust spores at a higher temperature (80 C). The enzyme from inoculated cotyledons shows no reactivation at 60 C. At 80 C, there is a very small increase in activity, but unlike the enzymes from healthy cotyledons and rust spores, that from inoculated cotyledons has much lower activities at all temperatures above 50 C. Thus it appears that the enzyme extracted from infected cotyledons contains a temperature sensitive RNase component which is not found in healthy cotyledons or in the rust spores.
The existence of an unstable component in the inoculated enzyme is also suggested by the observation that while the RNase from healthy plants and rust spores (or mycelia) can be stored at 0 C for at least 10 days without any apparent loss of activity, the enzyme from inoculated cotyledons loses over 35% of its activity after storage for 6 days.
The temperature stability curves shown in Figure 3 are highly characteristic of the source of enzyme. This is indicated by the fact that identical temperature-stability curves are obtained with the enzymes from healthy and mechanically injured cotyledons on the one hand and those from rust spores and mycelia grown in axenic culture on the other (unpublished observation).
Effect of Diethylpyrocarbonate. Table V shows the inhibitory effect of a maximally effective concentration of diethylpyrocarbonate (DEP)2 on the enzymes extracted from healthy and inoculated cotyledons, from rust spores hydrated for 4 hr and from flax rust mycelia grown in axenic culture. DEP,2 which has been shown to be a potent RNase inhibitor (18) , inhibits the RNase from healthy flax cotyledons by 24%. The inhibition of the enzyme from rust is about 50% but the enzyme from inoculated cotyledons shows the highest degree of susceptibility to DEP. These results again suggest the presence of an RNase component in the infected cotyledons which is inactivated by DEP to a much greater extent than the enzymes from either healthy flax cotyledons or rust spores. When this component is inactivated by preincubating the enzyme solution at 80 C (Fig. 3) (25) coincides with a dramatic relia) preferentially increase in the rate of synthesis (4, 10) and accumulation (4, order: poly C > 15) of RNA in the host cells. Biochemical analysis of the ise differs from the newly synthesized flax RNA indicated that much of the RNA in its ability to that accumulates is cytoplasmic ribosomal RNA (10) . Sura. Also, with the prisingly. despite a general increase in the levels of soluble it hydrolyzes the RNase, there is no evidence for a large scale degradation of the enzymes from cytoplasmic RNA in the infected tissue. Two possibilities may be considered to account for this phenomenon: (a) the lase from infected rates of synthesis and degradation of RNA in the cells are y cotyledons in its in a dynamic equilibrium that favors a net increase in RNA between different content and (b) the soluble RNase in the inoculated cotyledons he rate at which it may be reversibly inactivated in viio by inhibitor molecules. izyme is unique in A similar parallelism between an increased total RNase connce of urea. Since tent and enhanced accumulation of RNA has been reported edons undoubtedly in other organisms (6, 9, 19) . In neoplastic cells, the increased elia it is surprising RNase is inactivated by the accelerated production of a glycoce of urea. protein inhibitor (26) which prevents indiscriminate degradaRNase described tion of cytoplasmic RNA (9) . A similar polypeptide RNase le enzyme prepara-inhibitor has not been found in plant cells (22) . Nevertheless, s from healthy and in inoculated flax cotyledons there is a conspicuous increase 0-fold following a in phenolic compounds and their derivatives which are known (28) . However, it to be potent inhibitors of many enzymes (20) . 80% ammonium
The RNase from infected cotyledons (6 days after inoculaloss of the labile tion or later) shares very few properties with the enzymes from tion from infected healthy cotyledons and from flax rust ( Fig. 3 ; Table V and vestigation was to VI). The temperature stability of the enzymes from these three in RNase activity sources clearly suggests the presence of a relatively unstable vfication of the en-and highly DEP-sensitive component in the enzyme from intherefore avoided. fected cotyledons ( Fig. 3 ; Table V (Table VI) and i those caused by that its pH-activity curve is quite different from that of the ie following obser-rust enzyme (Fig. 2) .
an increase in the Further research will be necessary to ascertain whether the
